A Gram-stain-positive, aerobic or facultatively anaerobic, rod-shaped, non-motile, endosporeforming bacterium, strain A9
The genus Paenibacillus was originally delineated by Ash et al. (1993 Ash et al. ( , 1994 ) from members of group 3 Bacillus based on 16S rRNA gene sequence analysis. This genus was found to have undergone considerable changes with a consequent increase in the number of species. Members of the genus Paenibacillus have been widely isolated from diverse environmental samples such as soil (Khianngam et al., 2011 , Wu et al., 2011 , cow faeces (Velázquez et al., 2004) , plant roots, food (Berge et al., 2002) , warm springs (Chou et al., 2007) , raw and heat-treated milk (Scheldeman et al., 2004) , and blood cultures (Roux & Raoult, 2004) . Members of this genus have been hot research topics in recent years because of their ability to nitrogen-fix, degrade cellulose and xylan, and to produce strong antifungal or antibacterial compounds (Hong et al., 2009; Jin et al., 2011; Nelson et al., 2009; Khianngam et al., 2011; Wang et al., 2012; Chung et al., 2000; Kim et al., 2004) . In this study, we describe the isolation and classification, based on phenotypic properties, 16S rRNA gene sequences, the DNA G+C content, DNA-DNA relatedness and chemotaxonomic properties, of a novel bioflocculant-producing species of the genus Paenibacillus.
Strain A9
T was initially isolated during a screen for bioflocculant-producing bacteria in 1996, from soil under a peach tree in Qingnian Park in Shenyang, PR China. The sample was collected at a depth of 20 cm below the ground near to the root. A 1 g soil sample was placed in 9 ml sterile water and stirred for 30 s. Aliquots (50 ml) from the supernatant of the mixture were incubated on peptone beef extract agar (PBA) (5.0 g beef extract, 10.0 g peptone, 5.0 g NaCl, 20.0 g agar in 1 l distilled deionized water, pH 7.0) at 30 u C for 48 h for primary screening. The single colony was inoculated in 100 ml fermentation medium (10.0 g glucose, 5.0 g K 2 HPO 4 , 2.0 g KH 2 PO 4 , 0.2 g MgSO 4 . 7H 2 O, 0.1 g NaCl, 0.5 g Urea and 0.5 g yeast extract in 1 l distilled deionized water, initial pH 7.2-7.5) and incubated for 48 h at 30 uC for a flocculating capability test. The strain with a good flocculating capability was checked for purity on PBA after cultivation at 30 u C for 48 h. Strain YQ1 was found 16 years later (in 2012) in the same location using the same isolation process.
A pure culture of A9 T and YQ1 were preserved at 280 u C in peptone beef extract broth supplemented with 25 % (v/v) glycerol or by lyophilization. Cell morphology was examined by light microscopy (BX-90; Olympus). Gram staining was carried out using a standard procedure (Hucker & Conn, 1923) . Surface details and endospore architecture were examined using scanning electron microscopy (NOVA nanoSEM600, EDAX; Cole & Popkin, 1981) . The utilization of a variety of substrates as sole carbon sources was tested using the GP2 MicroPlate Gram Positive Identification test panel (Biolog). In addition, tests for acid production from carbohydrates, enzyme activities and other physiological and
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains A9
T and YQ1 are KF834270 and KF834271, respectively. biochemical characteristics were carried out using API 50CHB and API 20E test systems (bioMérieux), according to the manufacturer's instructions. Polar lipids were extracted and separated by two-dimensional TLC and identified by spraying with appropriate detection reagents (Komagata & Suzuki, 1987; Minnikin et al., 1984) . Cellular menaquinones were extracted and purified as described by Collins (1985) and were analysed by HPLC (Wu et al., 1989) . Nonhydroxylated fatty acids were extracted, purified, methylated, identified and quantified by gas chromatography (Agilent Technologies 56890N) with the standard Microbial Identification System (MIDI) (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . The ability to grow with varying concentrations of NaCl (1-15 %, w/v) was determined in 1 % tryptic soy broth (TSB; Difco) containing varying amounts of NaCl. Similarly, growth at pH 3-12 and temperatures of 20-60 u C was measured, as described elsewhere (Osman et al., 2006) .
Genomic DNA was extracted and purified using a Power Soil DNA Isolation kit (MOBIO). The G+C content of the genomic DNA was determined using HPLC by the method of Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC. DNA-DNA relatedness with the type strains of the most closely related species was performed by the microplate hybridization method (Ezaki et al., 1989) . The 16S rRNA gene was PCR-amplified using the primer pairs of BSF 8/27 (59-AGA GTT TGA TCC TGG CTC AG-39) and BSR 1525/1541 (59-AAG GAG GTG ATC CAG CC-39). The PCR was programmed as follows: initial denaturation 5 min at 94 u C; 35 cycles of 30s at 94 u C, 30 s at 55 u C and 90 s at 72 u C; and extension of incomplete products for 30 min at 72 u C (Ren et al., 2007) . Sequencing was performed with an automatic DNA sequencer (Applied Biosystems 3730). Multiple alignments with sequences of a broad selection of strains of species of the genus Paenibacillus and calculations of sequence similarity were carried out using the EzTaxon-e server (Kim et al., 2012) and CLUSTAL W (Thompson et al., 1997) . Evolutionary distance matrices were generated by the neighbour-joining method described by Jukes & Cantor (1969) . Neighbourjoining phylogenetic trees of 16S rRNA gene sequences were reconstructed with the MEGA software package, version 4.1 (Kumar et al., 2008) .
Colonies of strain A9
T and YQ1 were facultative anaerobic, yellow, convex and circular with a diameter of 0.3-0.4 cm after 3 days of cultivation at 30 u C on PBA (Fig. S1 , available in the online Supplementary Material). Colonies on fermentation agar have different appearances; they are pink, transparent, viscous, smooth and elastic with a The tree is based on an alignment of almost-complete 16S rRNA gene sequences and was reconstructed using the neighbourjoining method. The consensus phylogenetic tree was produced following bootstrap sampling of 1000 datasets. Numbers at nodes indicate percentages of bootstrap support based on a neighbour-joining analysis of 1000 resampled datasets. Bar, 0.01 substitutions per nucleotide position.
diameter of 0.6-1 cm after 3 days cultivation (Fig. S2) . Cells of the two strains were Gram-stain-positive, rodshaped (0.4-0.6 mm in diameter and 2.2-2.5 mm in length) and non-motile (Fig. S3) . Growth was observed at 20-45 uC (optimum 30 uC) and at pH 4.5-11 (optimum pH 7.0) on PBA. Strains grew in the presence of 0-7 % (w/ v) NaCl (optimum 2 % NaCl).
Comparisons with the GenBank database by BLAST search revealed that the sequences of the new isolates did not match those of any known bacterium. The bacteria with the greatest pair wise identity to strain A9 T were Paenibacillus hunanensis T and YQ1 was 99.7 %. The phylogenetic tree reconstructed using the neighbour-joining method ( Fig. 1 ) revealed that strains A9
T and YQ1 are members of the genus Paenibacillus.
The different morphological, cultural, physiological and biochemical characteristics of strains A9
T and YQ1 compared with the reference species used are shown in Table 1 and  Table S1 . The major polar lipids present in strains A9
T and YQ1 were diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol (Fig. S4 ). These were also found in the type species of the genus Paenibacillus (Kämpfer et al., 2006) . The predominant cellular fatty acids (.10 %) of strain A9
T were anteiso-C 15 : 0 , C 16 : 0 and iso-C 15 : 0 ; complete fatty acid compositions of strain A9
T and the reference species are shown in Table 2 . Capsules were observed around cells of A9 T and YQ1 using light microscopy and electron microscopy. The predominant menaquinone of strains A9 T and YQ1 was MK-7, which was identical to those of species of the genus Paenibacillus. The DNA G+C contents of strains A9 T and YQ1 were 51.9 mol% and 52.3 mol%, respectively (Table 1 ). The DNA-DNA relatedness of strain A9
T and YQ1 was 79 %. DNA-DNA relatedness values of strains A9 T and YQ1 were less than 70 % with P. hunanensis FeL05 T (51.6 % and 53.9 %, respectively).
In view of the combination of morphological, physiological, chemotaxonomic and phylogenetic data presented, it is evident that A9
T and YQ1 belong to the genus Paenibacillus. These data suggest that the two strains represent a novel species of the genus Paenibacillus, for which the name Paenibacillus shenyangensis sp. nov. is proposed.
Description of Paenibacillus shenyangensis sp. nov.
Paenibacillus shenyangensis (shen.yang.en9sis. N.L. masc. adj. shenyangensis of Shenyang, a city in China, where the type strain was isolated).
Cells are aerobic or facultative anaerobic, Gram-stainpositive, non-motile, endospore forming, rod-shaped bacteria Cellobiose , was isolated as a bioflocculant-producing strain, in 1996, from soil under a peach tree in Qingnian Park in Shenyang, PR China. The DNA G+C content of the type strain is 51.9 mol%. An additional strain of the species is YQ1.
